Most studies investigating genetics of dementia have focused on Alzheimer's disease, but little is known about the genetics of vascular dementia (VD). The aim of this study was to identify the association between Apolipoprotein E4 (Apo E4) genotype and VD in cerebrally infarcted patients. The study was conducted on 100 patients with cerebral infarction: 50 had VD (cases) and 50 didn't have dementia ( 
Introduction
Vascular dementia (VD) is the second most common type of dementia, accounting for approximately 15% to 20% of all cases of dementia [1] . VD is defined as the loss of cognitive function resulting from ischemic or hemorrhagic brain lesions as a result of cerebrovascular disease [2] . Most studies that investigated the genetics of dementia have focused on Alzheimer's disease, the most common type of dementia, [3] but little is known about the genetics of VD [4] .
Apolipoprotein E (Apo E) gene is mapped to chromosome 19 in a cluster with Apolipoprotein C1 and Apolipoprotein C2. Apo E is polymorphic with three major isoforms: Apo E2, Apo E3 and Apo E4. Although these allelic forms differ from each other by only one or two amino acids, these differences alter Apo E function. Regarding Apo E4 allele, it has been implicated in the development of intracranial atherosclerosis and ischemic stroke [5] . However, it remains controversial regarding the association between Apo E4 genotype and the risk of developing VD [6] .
Baum et al. [7] and Chuang et al. [8] found an association between Apo E4 polymorphism and VD. On the other hand, Chuang et al. [9] didn't find this association.
So the aim of this study was to identify the association between Apo E4 genotype and VD in cerebrally infarcted patients.
Methods

Study Design
Case control study.
Study Settings and Study Participants
The study was carried out at Ain Shams University hospitals, Egypt. One hundred elderly patients with cerebrovascular infarction agreed to participate in this study, 50 have VD (cases) and 50 don't have dementia (controls). Informed consent was taken from each participant, or participant's proxy, and full confidentiality of the data collected was ensured to all participants.
Clinical Assessment
All participants were subjected to complete medical history taking (including history of new onset dementia within 3 months of a stroke, history of hypertension, hypercholesterolemia, diabetes mellitus, cardiovascular diseases), complete examination (including neurological examination, assessment of Body Mass Index (BMI)) [10] , and Geriatric Depression Scale-15 (GDS-15)] [11] .
Hypertension was defined as a setting blood pressure ≥ 140/90 mmHg [12] , or if hypertension had been verified earlier. Diabetes mellitus was defined as fasting blood glucose ≥ 126 mg/dl & postprandial blood glucose ≥ 200 mg/dl [13] , or if diabetes mellitus had been verified earlier. Hypercholesterolemia was defined as a total cholesterol level ≥ 200 mg/dl. Hyper triglyceridemia was defined as a total triglycerides (TG) ≥ 150 mg/dl. High low density lipoprotein-cholesterol (LDL-C) level was defined as a total LDL-C level ≥ 130 mg/dl. Low high density lipoprotein-cholesterol (HDL-C) level was defined as a HDL-C level < 40 mg/dl in men and < 50 mg/dl in women [14] , or if hyperlipidemia had been verified earlier.
Cognitive Assessment
Mini mental state examination was used for cognitive assessment. Score ≥ 26 indicates normal cognitive function and score < 23 indicates dementia [15] . The Cambridge Cognitive Examination (CAMCOG) [16] is a diagnostic test for cognitive function. A score of 90 or more indicates normality, 78 -89 is an indication of mild cognitive impairment (MCI), and a score lower than 78 is diagnostic for dementia. Subjects were included in the current study if they were cognitively normal (controls) or demented (cases).
Diagnosis of VD
Diagnosis of VD was based on the Diagnostic and Statistical Manual of Mental Disorders 4th edition criteria for diagnosis of VD (DSM-IV) [17] , Hachinski Ischemic Score ≥ 7 [18] , and the presence of one or more areas of infarction; diagnosed by brain computed tomography (CT).
Apo E4 Genotyping
Two cm of venous blood sample was drawn from each participant on EDTA tube. Genotyping at the ApoE Locus from the collected blood samples was performed by isolation of high-molecular weight genomic DNA using the modified salting-out protocol [19] . Polymerase chain reaction (PCR) amplification was performed using gene specific primers (forward: 5'-TAA GCT TGG CAC GGC TGT CCA AGG A-3', reverse: 5'-ACA GAA TTC GCC CCG GCC TGG TAC ACT GCC-3') followed by restriction enzyme cleavage of the PCR products with the HhaI enzyme to generate allele-discriminating DNA fragments [20] . Briefly, the 3 alleles E2, E3 and E4 were defined by the presence of either C or T nucleotides at codons 112 and 158 in the 4th exon of the ApoE gene by PCR restriction fragment length polymorphism method. This was determined by a laboratory specialist blind to the participants' characteristics, and the results were categorized according to the presence or absence of Apo E4 genotype.
Laboratory Assessment of Serum Lipids and Blood Sugar
Fourteen hours fasting venous sample was taken for assessment of serum lipids and fasting blood sugar and another two hours postprandial venous sample was drawn for assessment of postprandial blood sugar. Samples were allowed to clot for no more than 30 minutes, and then centrifuged. Serum lipids (Total cholesterol, TG, LDL-C, HDL-C) and blood sugar concentrations were measured enzymatically (Boehringer Mannheim, Germany) using standard laboratory methods in an automatic analyzer (Synchron CX 5) at the central laboratories of Ain Shams University Hospitals.
Exclusion Criteria
Patients with mild cognitive impairment, Alzheimer's dementia, mixed dementia, any neurological or cognitive disorders, other than what caused by the recent infarction, were excluded.
Data Management and Statistical Analysis
Data was analyzed using the 15 th version of SPSS (Statistical Package for Social Science). The results were presented as mean ± SD for normally distributed data. Continuous data were compared between groups using unpaired t-test for normally distributed variables. Categorical data were compared between groups by χ 2 test. Multiple logistic regression analysis was used to detect the independent risk factors of VD among studied participants. Significance was taken at 5% level.
Results
The studied sample included 36 males; (18 cases and 18 controls) and 64 females; (32 cases and 32 controls). Both cases and controls were cross matched regarding age and sex with mean age of cases and controls 68.0 ± 5.5 and 67.4 ± 5.7 respectively. There were significant differences between cases and controls regarding level of education (p = <0.001), BMI (p = 0.010), hypertension (p = 0.033), duration of hypertension (p = 0.027), DM (p = 0.026), duration of diabetes (p = 0.007), high LDL-C (p = 0.023), low HDL-C (p = 0.049) and Apo E4 allele (p = 0.001) ( Table 1) .
There was a significant difference between the studied groups regarding the type of ischemic infarction: single infarction, lacunar infarctions or multiple large infarctions (p = <0.001). When we re-categorized the studied participants into participants have lacunar infarctions and others have non lacunar infarctions, a significant association between the presence of lacunar infarctions and VD was also detected (p = 0.002) ( Table 2) .
Studying the association between infarction site and VD revealed non-significant association between VD and different infarction sites: parietal lobe infarction, temporal lobe infarction, frontal lobe infarction, capsular infarction, thalamic-basal ganglia infarction or periventricular infarctions (p = 0.692) ( Table 3) . When we re-categorized the studied participants into participants have cortical and others have subcortical infarction, also the result was non-significant (p = 0.532).
Multiple logistic regression analyses revealed that hypertension (p = 0.027, OR = 4.71), diabetes mellitus (p = 0.003, OR = 6.05) and Apo E4 allele (p = 0.017, OR = 13.39) were the independent risk factors of VD among studied participants ( Table 4 ).
Discussion
In literature, there has been a matter of controversy about the association between Apo E4 allele and the risk of developing VD. Some studies reported positive associations [7] [21] [22] , while others showed no associations [9] [23] [24] . The present study revealed that participants with Apo E4 genotype were 13.4 times more likely to develop VD than those with no Apo E4 genotype. This relation may be due to the significant increase in carotid atherosclerosis, carotid plaques [25] and the greater decline in cerebral blood flow previously reported among carriers of this genotype [26] .
As well, Apo E4 (relative to Apo E3 and E2) may be deficient in delivery of essential lipids for maintaining synaptic plasticity. This may be responsible for altering neuronal circuitry that eventually leads to cognitive disorders [27] .
While, previous study reported that the effect of Apo E4 on VD may be mediated by dyslipidemia [28] , this study reported that the effect of Apo E4 allele on VD is not mediated by dyslipidemia. If so, the association between Apo E4 and VD might be expected to attenuate after adjusting for dyslipidemia which didn't happen in this study. This finding is consistent with Prince and colleagues [29] .
This study detected a significant association between lacunar infarctions and VD (p = 0.002). Lacunar infarctions cause white matter tract disruption and disconnection of cortical-subcortical and cortical-cortical connections, underlying complex networks associated with cognitive control mechanisms and efficient information processing, leading to VD [30] [31] . This comes in adherence to Thong and colleagues [32] who reported that lacunar infarctions were significantly associated with VD supporting the fact that VD has common small vessel pathology.
Regarding the site of ischemic infarction, no one can ignore that strategic regions correspond to limbic and paralimbic structures and related circuits, which underpin cognitive functions; strokes in these eloquent sites produce pictures of VD [33] . The non-significant relation between infarction site and VD detected in this study may be due to the use of CT brain in detection of infarction site. In spite of that CT scan is one of the first tests done in a stroke diagnosis, Magnetic resonance imaging (MRI) is preferred over CT brain in stroke site evaluation because of multiple planes and sequences are needed to assess various regions, commonly affected in VD, such as amygdala, hippocampus, the prefrontal cortex, basal ganglia, thalamus and periventricular area [33] [34].
The current study showed that hypertension was an independent risk factor of VD (p = 0.027, OR = 4.71). Hypertension can affect arteries, arterioles, and capillaries in various patterns and degrees in the brain. As well it may be associated with large and small infarcts, in isolated or diffuse patterns, causing VD [35] .
Regarding the relation between DM and VD, this study revealed that diabetic patients were more likely to develop VD than those who have no DM (p = 0.003, OR = 6.05). This agrees with Mayeda and colleagues [36] and it can be attributed primarily to diabetic vascular brain lesions [2] .
Longer DM duration was significantly associated with VD (p = 0.007). This agrees with Tolppanen and colleagues [37] .
There was a significant association between high LDL-C and VD. Much evidence suggests that increased LDL-C may lead to high susceptibility to oxidative stress. Brain is particularly vulnerable to this oxidative stress and lipid damage because of its high content of polyunsaturated fatty acids [38] . Regarding the significant association between low HDL-C level and VD, it may be linked to small vessel disease through the role of HDL-C in the removal of excess cholesterol from the subendothelial space of cerebral microvessels [39] .
In our study we found that the mean BMI was significantly higher in the controls group (28.4 ± 7.5) than in the demented group (25.0 ± 7.7). This result was consistent with Huseyin and colleagues [40] . This relation may be a bidirectional relation; poor nutritional intake may be associated with deficiency of micronutrients, such as antioxidant vitamins (A, C, and E), and zinc [41] , leading to changes in brain vasculature ] 42 [ , as well as in demented patients, low BMI may be developed as a consequence of dementia [43] [44] .
Regarding education, Chaudhari and colleagues [44] reported that lower educational status was significantly associated with post stroke VD. This is consistent with the finding of this study (p < 0.001).
Jack [45] stated that there is a strong association between VD and cardiac diseases including atrial fibrillation, heart failure and coronary artery disease. In this study, the non-significant association may be due to the small sample size of participants with cardiac diseases.
Study Limitations
The limitations of the current study were the relatively small sample size and inability to use MRI in detecting the relation between infarction site and VD due to its high cost.
Conclusion
Cerebrally infracted patients with Apo E4 genotype, hypertension, or DM are at high risk of developing VD. These results highlight the need for targeting those patients for early detection and prompt treatment of VD.
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